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ABSTRACT: Quantitative structure-activity relationships (QSAR) attempts to find consistent relationships between the
variations in the values of molecular properties and the biological activity for a series of compounds. These
physicochemical descriptors, which include parameters to account for hydrophobicity, topology, electronic properties, and
steric effects, are determined empirically or, more recently, by computational methods. Quantitative structure-activity
relationships (QSAR) generally take the form of a linear equation where the biological activity is dependent variable.
Biological activity is depended on the parameters and the coefficients. Parameters are computed for each molecule in the
series. Coefficients are calculated by fitting variations in the parameters. Intermediate values of the biological activity are
obtained by some formulas. These formulas are worked in tabulated values of biological activity in Quantitative structure -
activity relationships. These formulas are worked in the conditions and all conditions are based on the position of the
point lies in the table. Derived formulas using Newton’s method for interpolation are worked in conditions which are
depending on the point lies. If the point lies in the upper half then used Newton’s forward interpolation formula. If the
point lies in the lower half then we used Newton’s backward interpolation formula. And when the interval is not equally
spaced then used Newton’s divide difference interpolation formula. When the tabulated values of the function are not
equidistant then used Lagrangian polynomial. Mathematical expressions are derived for estimation of errors using
intermediate values and formulas.
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1 INTRODUCTION

Quantitative structure-activity relationships (QSAR) represent an attempt to correlate structural or property
descriptors of compounds with activities. These physicochemical descriptors, which include parameters to account for
hydrophobicity, topology, electronic properties, and steric effects, are determined empirically or, more recently, by
computational methods. Activities used in QSAR include chemical measurements and biological assays [1]-[5].

A QSAR generally takes the form of a linear equation
Biological Activity = Constant + (C; @ P;) + (C, ® P;) +(C; @ P3) +... (1)

Where the parameters P1 through Pxare computed for each molecule in the series and the coefficients C1 through
Cu are calculated by fitting variations in the parameters and the biological activity [1].

If f(CP) = Constant + (C; @ P,) +(C, @ P,) + (C; @ P;3)+......

From equation (1), we got:
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BA = f(CP)
Suppose CP = X then we can write more simple form: BA = f(X)

Where BA is biological activity and X is variable from above function [1]. Some formulas are derived on the basis of
this function using Newton’s method for interpolation and Lagrangian polynomial. These formulas are used to obtaining
intermediate values of the biological activity. Derived formulas using Newton’s method for interpolation are worked in
conditions which are depending on the point lies. If the point lies in the upper half then used Newton’s forward
interpolation formula. If the point lies in the lower half then we used Newton’s backward interpolation formula. And
when the interval is not equally spaced then used Newton’s divide difference interpolation formula. When the tabulated
values of the function are not equidistant then used Lagrangian polynomial [6]-[22].

2 IF THE POINT LIES IN THE UPPER HALF

Let BA = f(X)be a function defined by 7 points (BA4o, Xo),(BA41, X1).......... (BAn, X») . Where BA is biological
activity and X is the variable. When X1, X2, X.... X are equally spaced with interval /1. And If the point lies in the
upper half then we used following formula [1] [7]-[9]:

2

BAK) ~BA, + 8BA,(a) + = 2 (@)(A- D+ = 2 (a)a-)-.(a- )]

n

X=X
[Where A is forward difference operator and - 0 =gq]

2.1 ESTIMATION OF ERROR

lLet BA= f(X) be a function defined by (n+1) points(BAo, Xo),(BA1, X1).......... (BAn, Xn). When
X1. X2 X3 X» are equally spaced with interval /1 and this function is continuous and differentiable (7 + 1) times.

Let BA = f(X) be approximated by a polynomial Px(X) of degree not exceeding a such that

Pu(Xi) = BAi [Wherei =1,2,3........... nl (2)
Since the expression f(X)— Pu(X') vanishes for X1, X2, X3......... Xu,

We put f(X)— Pu(X)=K¢(X) (3)
Where @(X)=(X = Xo)(X = X1)eeeverenene (X —X») (4)

And K is to be determined in such a way that equation (3) holds for any intermediate values of X , say X — X"
[where Xo < X'< Xa].

_fX)-P(X")
o(X")

Now we construct a function f(X) suchthat:  f(Xo)= f(X1)—Ps(X) — Ko(X)

Therefore from (3): K (5)

Where K is given by equation (5).
It is clear that: F(Xo)= f(X1) = f(X2) = f(X3) = cerrenen. f(Xn)=f(X")=0 (6)

Let f(X) vanishes (n + 2) times in the interval Xo < X < X» ; consequently, by the repeated application of Rolle’s
Theorem [23] [24], f"'(X) mustvanish (n+1)times, f''(X) mustvanish 7 times etc in the interval Xo < X < Xi .

Particularly, """ (X)) must vanish once in the interval Xo < X < X, . Let this pointbe X = U, Xo<W < Xu.
Now differentiating equation (6) (7 + 1) times with respect to X and putting X = U , we got:

Fm N U)-K(n+1)1=0
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Putting this value of K in equation (5), we got:

Or

f(X')=Pa

)

K =
(n+1)!

(7)

f7U) _ FX)=PalX)
(n+1)! P(X')

(n+1)
o)=Y sixy,

(n+1)!

X0<U<Xn

Since X'is arbitrary therefore on dropping the primeon X' we got:

f(X)=Pn(X)=

Now we use Taylor’s theorem

)
(n+2)!

P(X), Xo<U<Xa

n

[25] [26]: f(X+h)= f(U)+hf'(U)+%f"(U)+ ......... +%f"(u)+ .....

Neglecting the terms containing second and higher powers of /% in equation (9), we got:

flU+h)=f(U)+hf'(U)
flu+h)-fU)

Or ()= p (10)
or FIUV=AU) AT+ RFX)
1 d
—ZA D=2
Df(U) P f (V) [.D dU]
D =%A [Because f(U)is arbitrary]
Dn+1 — 1 n+1l
hn+1
From equation (10), we got:  f"(U)= h(n1+1) A" f(U)
Putting the values of f("m (U)in equation (8), we got:
_ _ o(X) L (n+1)
F(X)=Pn(X) {—(n+1)!}[h("”) A f(U)}
f(X)_Pn(X):|:(X—X0)(X—X1)(X—Xz) ................. (X—Xo):||: (n1+1) A("*“f(U)} (1)
(n+1)! h
X—Xo=hgqg

Then:

Similarly X — X2=h(g—2)

Similarly X — X = h(q —n)

X —X1=X—(Xo+h)=(X - Xo)—h=(hg—h)=h(g—1)
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Putting these values in equation (11), we got:

(hg){hla—1)}{h(g—2)}{h(g—3)}..ccocerrr.... {lg—n)} }[ 1 A

(n+1)! pim

f(X)—Pn(X){ f(U)}

o) 9@=10@G=2)(q=3).........(g =1) |\ (ns1)
F1X)=Pa(X) { i) }[A fl]

This is mathematical expression for estimation of error, if the point lies in the upper half.

3 IF THE POINT LIES IN THE LOWER HALF

Let BA = f(X)be a function defined by 7 points (BAo, Xo),(BA1, X1).......... (BAn, Xn) . Where BA is biological

activity and X is the variable. When X1, X2, Xs........ X are equally spaced with interval /. And If the point lies in the
lower half then we used following formula [1] [7]-[9]

2 n

V°BA V!
BA(X)=BA, =V.BA (r)+ o Lr(r+1)]+.....+

B+ DA+ (1)

X—Xn
[Where V is backward difference operator and h =r]

3.1  ESTIMATION OF ERROR

let BA= f(X) be a function defined by (n+1) points(BAo, Xo),(BA1, X1).......... (BAn, Xn). When
X1. X2 X3 X» are equally spaced with interval /1 and this function is continuous and differentiable (7 + 1) times.

Let BA = f(X)be approximated by a polynomial P.(X) of degree not exceeding a such that

Pu(Xi) = BAi [Wherei =1,23........... nl (12)

Since the expression f(X') — Pa(.X') vanishes for X1, X2, Xs......... X,

We put we put f(X)—Pa(X)=Kep(X) (23)

Where @(X)=(X = Xo)(X = Xo - 1).eeverree. (X = Xo) (14)

And K is to be determined in such a way that equation (13) holds for any intermediate values of X', say X — X"
[where Xo < X'< Xa].

Therefore from equation (13),

g = FXD=PIX) (15)
PiX')
Now we construct a function f(X) such that: f(Xo) = f(X1) = Pa(X) — Kea(X)
Where K is given by equation (15).
Itis clear that:  f(Xo)= f(X1) = f(X2) = F(X3) = rrorrrro.. F(X) = f(X)=0 (16)

Let f(X) vanishes (n + 2) times in the interval Xo < X < X» ; consequently, by the repeated application of Rolle’s
Theorem [23] [24], f"'(X) mustvanish (n+1)times, f''(X) mustvanish 7 times etcin the interval Xo< X < Xi.

Particularly, /""" (X) must vanish once in the interval X0 < X < X; . Let this pointbe X = Z, X0< Z < X;.

FmNZ)=K(n+1)'=0
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P f(n+1) (Z)
(n+2)!

(n+1) ] 1
V4 X')—Pn(X
Putting this value of K in equation (15), we got: f72) _fX)-PilX7)

n+1)! X))

(17)

"™
_—(n+1)! oiX'), Xo<Z < Xn

Since X'is arbitrary therefore on dropping the primeon X' we got:

)
(n+2)!

Now we use Taylor’s theorem [25] [26]:

Or F(X")=Pa(X")

FIX)=Pa(X) = (X)), Xo<Z<Xn (18)

2 n

f(X+h):f(Z)+hf'(Z)+%f"(Z)+ ......... +%f"(2)+ ..... (19)

Neglecting the terms containing second and higher powers of % in equation (19), we got:
f(Z+h)=f(Z)+hf'(2)

f(z+h)-£(2)
h

or: fl(2)= (20)

or f'(Z)=%Af(Z) [ AF(X +h) f(X)]

_1 =2
Df(Z)—hAf(Z) [”D_dZ]
D :%A [Because f(Z)is arbitrary]

1

hn+1

n+l

. Dn+1 _

1

From equation (20), we got:  f"™(2)= Iy A" f(Z)

Putting the values of f("+1)(W) in equation (18), we got:

F(X)=Pa(X)= {M}[LA‘M’ f(Z)}

(n+1)! || A

f(X)_Pn(X){(x-xo)()(—xl)(x-xz) ................. (X—Xo):||: 1

(n+1)
(n+1)! P (Z)} (21)

If =r Then
h X—=Xi1=X—(Xo+h)=(X—Xo)—h=(hr—h)=h(r—-1)

Similarly X — X2 = h(r—2)

Similarly X — Xu = h(r —n)
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Putting these values in equation (21), we got:

(hr){h(r —1)}{h(r = 2)} {h(r = 3)}.ccvvvveernee. {(r —n)}}[ 1

(n+1)! P

F(T)—Pu(T) { A‘"“’f(Z)}

F(X)— Po(X) = {r(r -1)(r - 2()r(,r+—1?)>z ......... (r- n):||:A(n+1)f(Z)]

This is mathematical expression for estimation of error, if the point lies in the lower half.
4 IF INTERVALS ARE NOT BE EQUALLY SPACED

Let BA = f(X)be a function defined by 7 points (BAo, Xo),(BA41, X1).......... (BAn, Xn) . Where BA is biological

activity and X is the variable. When X1, X2, Xs........ X are equally spaced with interval /2. And If Intervals are not be
equally spaced then we used following formula we used following formula [1] [7]-[9]:

BA(X)=BA, +A’dBAl(X—X1)+A3BA1(X—X1)(X—X2)+ ..... +AZBA1[(X—X1)(X—Xz)...(X—Xn)]
[Where Az is divide difference operator]

4.1 ESTIMATION OF ERROR

Let f(X)be a real-valued function define 7 interval and (n + 1)times differentiable on(a,b). If Pa(X)is the

exists & = f(})e (a,b)
or(%) = £(%)-r(¥)
f(n+1)(§) n
=T LX) .

This is mathematical expression for estimation of error, if intervals are not be equally spaced.

5 WHEN THE TABULATED VALUES OF THE FUNCTION ARE NOT EQUIDISTANT

Let BA = f(X)be a function defined by 7 points (BA4o, Xo),(BA41, X1).......... (BAn, X») . Where BA is biological

activity and X is the variable. When the tabulated values of the function are not equidistant then we used following
formula [1] [7]-[9]:

BA(X) = iBA;ﬁH

J#i
5.1 ESTIMATION OF ERROR

Since the approximating polynomial f(X) given by Lagrangian formula has the same values f(Xo) f(X1) f(X2) f(X3)
.0 P f(Xn) as does BA = f(X) for the arguments Xo, X1, X2, X3, X4 oo, , Xn the error term must have
zeros at these (n+1) points.

Therefore (X — Xo) (X —X1) (X = X2) (X = X3) ceervvrreinenecrenenennn (X — Xn) must be factors of the error and we can write:

(X = Xo)(X — X2)(X = X2)(X — X3)ereeeeerieeenne (X — Xn)
(n+1)!

F(X) = f(X)+ K(X) (23)
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Let X to be fixed in value and consider the function

(x = Xo)(x — X1)(x — X2) (X — X3)urererrernnnn (x — Xn)

W(x) = F(x) = £(x) Y

K(X) (24)

Then W(x) haszero x = X0, X1, X2, Xs.......... Xn and X .
Since the (1 +1)" derivative of the n” degree polynomial f(X) is zero.
W (x) = F" 8 (x) — K (X) (25)

As a consequence of Rolle’s Theorem [23] [24], the (1 +1)" derivative of W (x) has at least one real zero x = & in
the range Xo< & < X

Therefore substituting x = & in equation (25)
W (&) = F" (&) =K (X)
or K(X)=F"(&) w2 (&)

=F"(E)

Using this expression for K(X)and writing out f(X)

X = X)(X = X2 (X — X») B XXX X2 (X - Xn) |
S = (Xo—X1)(X0= X2, (Xo—Xo) JXo+ (X1= X0)(X1=X2)rreree.. (X1—Xo) SN e
(X X)X =X1)ooreene (X —Xu-1) (X =Xo)(X =X1)oeene X =X0) )
"""" " (X = X0)(Xn = X1)veeeeeec (X — X —1) S+ (n+1)! Y

Where To< & < Ty

This is mathematical expression for estimation of error, if the tabulated values of the function are not equidistant.
6 CONCLUSION

Derived mathematical expressions are useful to estimation of the errors in the formulas for obtaining intermediate
values of the biological activity in Quantitative structure-activity relationships (QSAR). All expressions are worked in 7
limit which is the last value in the table. When we obtain the intermediate values of the biological activity in Quantitative
structure-activity relationships then these mathematical expressions are useful to estimate the errors in interpolated
values of the biological activity.
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